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METHOD, APPARATUS AND SYSTEM FOR 
PROVIDING TRANSMIT DIVERSITY 

FEEDBACK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t of US. Provisional Patent 
Application Ser. No. 60/906,828, entitled “Method, Appara 
tus and System for Providing Transmit Diversity Feedback” 
and ?led Mar. 14, 2007, the entirety Which is incorporated by 
reference herein. 

FIELD OF THE INVENTION 

This invention relates generally to the ?eld of Wireless 
communications and more speci?cally to providing feedback 
to a transmitting device so as to modify a signal by controlling 
a transmit diversity parameter. 

BACKGROUND OF THE INVENTION 

Wireless transmission systems may use transmit diversity, 
Whereby signals are simultaneously transmitted to a receiver 
using a plurality of transmit antennas. A transmitting modi 
fying communication device may have multiple antenna ele 
ments that transmit signals to communicate information. 
Multiple antenna elements for transmission may enhance 
spectral ef?ciency and capacity, alloWing for more users to be 
simultaneously served over a given frequency band, While 
reducing signal degradation caused by multi-path and fading. 
Transmit diversity parameters may be applied to signals 
transmitted from tWo or more antennas, and may modify an 
effective poWer distribution detected by receivers, such as 
base stations. 
A receiving feedback communication device may receive 

and extract information from the transmitted signals, and 
provide a feedback signal to a transmitting device. Accord 
ingly, some transmit diversity systems may use certain feed 
back signals from the receiver in order to adjust a transmit 
diversity parameter such as poWer ratio or phase difference. 
Knows methods may use, for example, the uplink poWer 
control, e.g., poWer control bits, or reverse poWer control 
signal, provided by a base station over the doWnlink to a 
mobile terminal as feedback for a transmit diversity param 
eter. 

US Patent Publication No. 2003/ 0002594, entitled “Com 
munication device With smart antenna using a quality-indica 
tion signal,” published Jan. 2, 2003 and assigned to the 
assignee of the present application, the contents of Which are 
hereby incorporated herein by reference, describes using a 
poWer control signal, for example, as provided by the poWer 
control bit of the CDMA protocol, as a quality indication 
signal. In some situations, there may be draWbacks in using a 
poWer control signal as a signal quality indicator, and adjust 
ing phase thereby. 

According to the scheme described, if the poWer control bit 
(PCB) indicates “poWer doWn”, e.g., that the mobile should 
reduce poWer, the phase setting algorithm may interpret the 
phase difference associated With that PCB to be more desir 
able than if the PCB indicates a “poWer up”, e.g., that the 
mobile should increase poWer. The algorithm may assume the 
change in phase difference to be the dominant statistical 
reason the poWer Was commanded up or doWn. As explained 
beloW, this may not alWays be the case, or the statistics may 
require long time to stabiliZe degrading transmit diversity 
performance. Therefore, although the use of the PCB for 
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2 
phase control may be effective, it may have some draWbacks 
that may be overcome by applying the present invention. 

For example, the above and other references discuss using 
the poWer control feedback from the base station to the 
mobile station to determine the effect of the phase shift tests, 
e.g., perturbations. Some poWer control schemes typically 
use a one-bit feedback that causes a ?xed, for example, 1 dB 
poWer change in the total transmission poWer of the mobile 
station. Therefore, for perturbations to be detected by the base 
station, phase shifts must be introduced that produce a per 
ceived poWer change at the base station on the order of mag 
nitude of 1 dB. For signals having equal poWer, this means 
approximately a phase shift going from perfect phase align 
ment to an offset of 60 degrees, thereby causing a 1 dB 
reduction in total poWer. This amount of phase shift may 
cause disruptions in the performance of the intended modu 
lations. In addition, it may be desirable to identify the phase 
induced poWer changes With the normal up/doWn poWer com 
mands inherent in one-bit poWer control schemes. What is 
imbedded in the one-bit is the normal up/doWn poWer com 
mand, the response of the base station to overcome the effects 
of fading, the need of the base station to overcome ambient 
noise variations, and the result of the phase perturbations. 

For example, if the base station previously issued a “poWer 
up” command (for example, based on signal fading), and the 
mobile station increases the poWer by 1 dB and simulta 
neously adjusts a value of a transmit diversity parameter that 
degrades reception at the receiver (relative to a previous value 
of the transmit diversity parameter), the base station may 
issue a “poWer doWn” signal. In such case, the mobile trans 
mitter may mistakenly take this as a sign that the adjustment 
to the phase difference improved the signal quality. 

Similarly, for example, if the base station previously issued 
a “poWer doWn” command (for example, based on signal 
fading), and the mobile station decreased the poWer by 1 dB 
and simultaneously adjusts a value of a transmit diversity 
parameter that improves reception at the receiver (relative to 
a previous value of the transmit diversity parameter), the base 
station may issue a “poWer up” signal. In such case, the 
mobile transmitter may mistakenly take this as a sign that the 
adjustment to the phase difference degraded the signal qual 
ity. 

In these systems, therefore, the mobile station must per 
form complicated ?ltering and selection to deduce the result 
ing feedback information. There is therefore a need for 
improved mechanism for providing feedback to a transmit 
diversity communication device. 

SUMMARY OF EMBODIMENTS OF THE 
INVENTION 

In accordance With the present invention, disadvantages 
and problems associated With previous techniques for trans 
mit diversity poWer control may be reduced or eliminated. 
The present invention applies to Wireless communication sys 
tems that provide transmit diversity control algorithms 
related to the propagation path conditions, including systems 
that use uplink poWer control. In some embodiments of the 
invention, the method, system and apparatus described in US 
Patent Publication No. 2003/ 0002594 may be improved, 
supplemented or replaced by those describe herein. 
Employing the method of the present invention may permit 

simpli?cation of transmit diversity communication feedback 
schemes. For example, using a direct feedback scheme of the 
present invention may eliminate or reduce the need for full 
rate or fractional rate perturbation. For example, the half-rate 
perturbation algorithm may typically be used to reduce sen 
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sitivity to power control changes and fading-induced power 
?uctuations and timing differences. However, using embodi 
ments of the present invention, the mobile unit may “hold” the 
phase for a number time slots, and the difference betWeen the 
?rst and the second Would be an indication of the rate of 
fading. This additional information may be useful to make a 
more intelligent algorithm. 

To take another example, a typical full rate perturbation 
may produce a :24 degree offset in 12 degree steps using the 
1 dB poWer control bit. Embodiments of the present invention 
may permit smaller step values and perturbations. For 
example, using 1A dB poWer measurement in the feedback 
may permit :12 degree offset in 6 degree steps, thereby 
providing greater sensitivity and better poWer conservation of 
the mobile unit. 

According to the embodiments of the present invention, a 
base station may provide feedback information to a mobile 
station based on poWer measurements of the transmissions 
from the mobile unit. The base station may provide the mobile 
unit With feedback based on the poWer measured, taking into 
consideration the poWer or poWer change that it previously 
commanded from the mobile station using a poWer control 
signal, for example, :1 dB. The base station therefore may 
measure the differential or residual poWer from the poWer 
commanded, and this may be used by the mobile transmitter 
as a feedback indicator for the transmit diversity parameter. 

Embodiments of the invention may have certain advan 
tages, Which may include the elimination of ambient noise 
from affecting the differential poWer measurement by the 
base station, leaving fading and/ or phase perturbations as 
signi?cant causes for the poWer differences. Accordingly, in 
some embodiments of the invention, the perturbations of the 
transmit diversity parameter by the mobile station need not 
necessarily cause a poWer change greater than 1 dB in order to 
be re?ected in the feedback signal, as Was the case in the prior 
art methods. Therefore, embodiments of the present invention 
may enable taking into account ?ner effects on the signal 
modulation. 

Another advantage of the present invention may be 
observed during soft hand-off mode of the mobile station. In 
this case, the primary base station may not be in full control of 
the mobile transmission poWer. That is, the primary base 
station may command the mobile station to increase its trans 
mission poWer, but a secondary base station Within range may 
request a poWer reduction. In cases of con?icting commands, 
the mobile station Will typically obey a command for poWer 
reduction before considering a poWer up command. In this 
case, according to embodiments of the present invention, the 
mobile station may transmit to the primary base station its 
true response, i.e., the fact that it decreased poWer rather than 
increased poWer, as commanded by the primary base station. 
Accordingly, embodiments of the present invention may per 
mit the base station to accurately determine the residual 
poWer difference during soft hand-off mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly 
pointed out and distinctly claimed in the concluding portion 
of the speci?cation. The invention, hoWever, both as to orga 
niZation and method of operation, together With objects, fea 
tures, and advantages thereof, may best be understood by 
reference to the folloWing detailed description When read 
With the accompanying draWings in Which: 

FIG. 1A is a block diagram illustrating one embodiment of 
a communication system in accordance With the present 
invention; 
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4 
FIG. 1B is a simpli?ed diagram of a transmit diversity 

communication device in accordance With embodiments of 
the invention; and 

FIG. 2 is a ?oW diagram of a method that may be performed 
at a feedback communication device in accordance With some 
embodiments of the present invention; 

FIG. 3 is a ?oW diagram of a method that may be performed 
at a modifying communication device in accordance With 
some embodiments of the present invention; 

FIGS. 4A, 4B and 4C shoW a time sequence diagram of 
poWer control and phase changes. 

It Will be appreciated that for simplicity and clarity of 
illustration, elements shoWn in the ?gures have not neces sar 
ily been draWn to scale. For example, the dimensions of some 
of the elements may be exaggerated relative to other elements 
for clarity. Further, Where considered appropriate, reference 
numerals may be repeated among the ?gures to indicate cor 
responding or analogous elements. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

In the folloWing detailed description, numerous speci?c 
details are set forth in order to provide a thorough understand 
ing of the invention. HoWever, it Will be understood by those 
skilled in the art that the present invention may be practiced 
Without these speci?c details. In other instances, Well-knoWn 
methods, procedures, and components have not been 
described in detail so as not to obscure the present invention. 
The present invention proposes a feedback indication sig 

nal for transmit diversity purposes that may be used altema 
tively or additionally to a PCB feedback signal. Embodiments 
of the present invention use a dedicated transmit diversity 
quality indicator from the base station to enhance transmit 
diversity performance in terms of time response and quality 
of the diversity parameters, leading to higher diversity gain 
and netWork capacity. Diversity gain is the average reduction 
in total poWer transmitted by the mobile terminal to maintain 
the link at the same level of communication, for example, as 
compared to a single antenna transmitter. NetWork capacity is 
the number of links With pre-de?ned parameters or the 
throughput, Which the netWork can provide under some given 
conditions. 

According to embodiments of the invention, a dedicated 
feedback signal from the base station to the mobile station 
may be used to indicate the absolute or relative quality of a set 
of transmit diversity parameters used for a previous transmis 
sion. The transmit diversity parameters may be one of or a 
combination of phase difference betWeen signals fed into the 
antenna ports, poWer ratio or poWer difference betWeen these 
signals, their relative complex Weights, etc. 
The feedback signal of the present invention may provide 

an indication of the relative quality of the last transmission 
received by the base station as related to the transmit diversity 
parameters. The quality of the signals received by the base 
station from a mobile terminal transmission may depend on 
multiple factors: the transmit pilot poWer, Which is controlled 
by the uplink poWer control provided by the base stations; the 
variability in the uplink propagation path betWeen the mobile 
terminal and the base station; the characteristics of the chan 
nels active Within this transmission; and the above mentioned 
parameters controlling transmit diversity. 

According to embodiments of the invention, a base station 
may therefore distinguish Whether changes in received signal 
poWer or signal quality are based on the effect of the channel 
activity or changes in a value of the uplink transmit diversity 
parameter because it knoWs What uplink poWer control it 
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transmitted to the mobile station on the doWnlink, and there 
fore What changes the mobile station implemented. 

After comparing the change in pilot poWer due to uplink 
poWer control, the difference betWeen the reception for Which 
the feedback is provided and previous transmissions may be 
assumed to be due to changes in transmit diversity parameters 
and changes in propagation path characteristics. The latter 
may be divided into tWo categories: changes due to transmit 
diversity parameters, Which Weigh differently the possible 
propagation paths, and changes over time, Which are typically 
sloWer and uncorrelated With the effect of transmit diversity, 
and can thus be ignored in some embodiments of the inven 
tion. 

Embodiments of the present invention and its advantages 
are best understood by referring to FIGS. 1 through 5 of the 
draWings, like numerals being used for like and correspond 
ing parts of the various draWings. 

FIG. 1A is a block diagram illustrating one embodiment of 
a communication system 100 that includes a transmitter 110, 
also referred to as a modifying communication device, that 
adjusts at least one nominal value of a transmit diversity 
parameter, for example, a phase difference betWeen a signal 
transmitted on a ?rst antenna 111 and a second antenna 112, 
and/or a poWer ratio betWeen a signal transmitted on ?rst 
antenna 111 and second antenna 112. According to the 
embodiment, transmitter 110 may, for example, perturb a 
signal at a perturbation rate and transmit the signal to receiv 
ing communication device 120, also referred to as a feedback 
communication device. Feedback communication device 120 
may receive the transmit diversity signal at antenna 121 and 
transmit/receive module 122, process the received signal 
using processor 123, and transmit feedback information that 
describes the signal as received by feedback communication 
device 120. Modifying communication device 110 may 
receive the feedback information and adjust a nominal value 
of a transmit diversity parameter at a nominal value adjust 
ment rate based on the feedback information. 

According to the illustrated embodiment, communication 
system 100 operates to provide services such as communica 
tion sessions.A communication session may refer to an active 
communication betWeen endpoints, measured from endpoint 
to endpoint. Information is communicated during a commu 
nication session. Information may refer to voice, data, text, 
audio, video, multimedia, control, signaling, other informa 
tion, or any combination of the preceding. 

The information may be communicated in packets. A 
packet may comprise a bundle of data organiZed in a speci?c 
Way for transmission, and a frame may comprise the payload 
of one or more packets organiZed in a speci?c Way for trans 
mission. A packet-based communication protocol such as 
Internet Protocol (IP) may be used to communicate the pack 
ets. 

Communication system 100 may utiliZe communication 
protocols and technologies to provide the communication 
sessions. Examples of communication protocols and tech 
nologies include those set by the Institute of Electrical and 
Electronics Engineers, Inc. (IEEE) 802.xx standards, Inter 
national Telecommunications Union (ITU-T) standards, 
European Telecommunications Standards Institute (ETSI) 
standards, Internet Engineering Task Force (IETF) standards, 
or other standards. 

Devices of communication system 100 may use any suit 
able multiple access technology, for example, a code division 
multiple access (CDMA) technology. According to one 
embodiment, communication system 100 may operate 
according to a CDMA 2000 telecommunications technology 
that uses a single CDMA channel. As an example, a CDMA 
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6 
2000 high rate data packet technology, such as the Evolution 
Data Optimized (EvDO) technology may be used. 
Communication system 100 may comprise any suitable 

communication netWork. A communication netWork may 
comprise all or a portion of a public sWitched telephone 
netWork (PSTN), a public or private data netWork, a local area 
netWork (LAN), a metropolitan area netWork (MAN), a Wide 
area netWork (WAN), a global computer netWork such as the 
Internet, a Wireless netWork, a local, regional, or global com 
munication netWork, an enterprise intranet, other suitable 
communication link, or any combination of the preceding. 
A component of communication system 100 may include 

logic, an interface, memory, other component, or any suitable 
combination of the preceding. “Logic” may refer to hard 
Ware, softWare, other logic, or any suitable combination of the 
preceding. Certain logic may manage the operation of a 
device, and may comprise, for example, a processor. “Inter 
face” may refer to logic of a device operable to receive input 
for the device, send output from the device, perform suitable 
processing of the input or output or both, or any combination 
of the preceding, and may comprise one or more ports, con 
version softWare, or both. “Memory” may refer to logic oper 
able to store and facilitate retrieval of information, and may 
comprise a Random Access Memory (RAM), a Read Only 
Memory (ROM), a magnetic drive, a disk drive, a Compact 
Disk (CD) drive, a Digital Video Disk (DVD) drive, a remov 
able media storage, any other suitable data storage medium, 
or a combination of any of the preceding. 
Communication system 100 may include one or more 

modifying communication devices 110 and one or more feed 
back communication devices 120 that communicate via a 
Wireless link 130. Either or both of communication devices 
110 and 120 may be any device operable to communicate 
information via signals With one or more other communica 
tion devices. For example, either of communication devices 
110 or 120 may comprise a mobile subscriber unit or a base 
station. A subscriber unit may comprise any device operable 
to communicate With a base station, for example, a personal 
digital assistant, a cellular telephone, a mobile handset, a 
computer, or any other device suitable for communicating 
signals to and from a base station. A subscriber unit may 
support, for example, Session Initiation Protocol (SIP), Inter 
net Protocol (IP), or any other suitable communication pro 
tocol. 
A base station may provide a subscriber unit access to a 

communication netWork that alloWs the subscriber unit to 
communicate With other netWorks or devices. A base station 
typically includes a base transceiver station and a base station 
controller. The base transceiver station communicates signals 
to and from one or more subscriber units. The base station 
controller manages the operation of the base transceiver sta 
tion. 

In some embodiments of the invention, the feedback com 
munication device 120 may be a base station, and the modi 
fying communication device 110 may be a mobile or other 
subscriber unit. 

Either or both of communication devices 110 or 120 may 
include one or more antenna elements, Where each antenna 

element is operable to receive, transmit, or both receive and 
transmit a signal. Multiple antenna elements may provide for 
a separation process knoWn as spatial ?ltering, Which may 
enhance spectral ef?ciency, alloWing for more users to be 
served simultaneously over a given frequency band. 
A communication link betWeen communication devices 

110 and 120 such as Wireless link 130 may be a radio fre 
quency link that is cellular in netWork organiZation. Wireless 
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link 130 may be used to communicate a signal between com 
munication devices 120 and 110. 
As described more fully below, according to embodiments 

of the present invention, modifying communication device 
110 may include a processor 114 and a transmit/receive mod 
ule 113 that calculate and produce one or more signals for 
transmission over at least ?rst and second antennas 111 and 
112. 

Feedback communication device 120 may include a pro 
cessor 123 and transmit/receive module 122 that generate and 
transmit a feedback signal that indicates the quality of the 
modi?ed signal as received at the feedback communication 
device 120. Modifying communication device 110 may then 
modify the transmit signal in accordance With feedback infor 
mation corresponding to the feedback signal. 

According to one embodiment, modifying a signal may 
refer to modifying a transmission signal feature. A transmis 
sion signal feature, or in some embodiments of the invention, 
a transmit diversity parameter, may refer Without limitation to 
any feature of the transmission, for example, relative phase or 
phase difference, relative amplitude, relative poWer or poWer 
ratio, absolute poWer, frequency, timing, other suitable signal 
feature that may be modulated, or any combination of the 
preceding. Relative phase may refer to the phase difference 
betWeen the phase of a ?rst signal of a ?rst transmit antenna 
element and the phase of a second signal of a second transmit 
antenna element. Relative poWer or poWer ratio may refer to 
the ratio betWeen the poWer of a ?rst signal of a ?rst transmit 
antenna element and the poWer of a second signal of a second 
transmit antenna element, Which ratio may be de?ned on a 
linear or logarithmic scale. Relative amplitude may refer to 
the ratio betWeen the amplitude of a ?rst signal of a ?rst 
transmit antenna element and the amplitude of a second sig 
nal of a second transmit antenna element. Absolute poWer 
may refer to the total poWer transmitted by all antennas of 
modifying communication device 110. 

According to one embodiment, modifying a signal may be 
described as adjusting a nominal value of a transmit diversity 
parameter. As described more fully herein, according to an 
embodiment of the invention, modulation of a transmit diver 
sity parameter during a perturbation cycle may comprise 
transmitting using a transmit diversity parameter deviating 
from the nominal value in a ?rst direction during a ?rst 
portion of the perturbation cycle and then transmitting using 
a transmit diversity parameter deviating from the nominal 
value in a second direction during a second portion of the 
perturbation cycle. 

According to one embodiment of operation of the inven 
tion, modifying communication device 110 may modify a 
signal by perturbing the signal. Perturbing a signal may refer 
to modulating a signal feature of the signal in relation to a 
nominal value of the signal, for example, modifying the sig 
nal feature in a ?rst direction for a ?rst feedback interval, and 
in a second direction for another feedback interval. A pertur 
bation cycle may refer to a ?rst modulation in a ?rst direction 
and a second modulation in a second direction. In some 
embodiments of the invention, a perturbation cycle may com 
prise a different, e.g., longer or more complex, sequence of 
modulations. As an example With respect to phase, a pertur 
bation may include modulating the phase difference in a ?rst 
direction, and modulating the phase difference in a second 
direction. If the feedback information provided by the feed 
back communication device 120 indicates an improvement in 
the signal received using one perturbation modulation direc 
tion compared to the signal received using the other pertur 
bation modulation direction, the next nominal value adjust 
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8 
ment may be made in the improved direction in an amount 
less than or equal to the modulation. 

According to embodiments of the invention, the nominal 
value of a transmit diversity parameter may be perturbed at a 
?rst rate, designated the perturbation rate, and the nominal 
value of the transmit diversity parameter may be adjusted at a 
second rate, designated the nominal value adjustment rate. 
The perturbation rate and the nominal value adjustment rates 
may be the substantially the same or they may be different, 
and each one may be substantially the same or different than 
the feedback rate. 

According to embodiments of the invention, the nominal 
value of a transmit diversity parameter may be modi?ed rela 
tive to a previous value by adding a positive or negative 
amount, Which may be constant, determined from a predeter 
mined number of amounts, or otherWise calculated based on 
the feedback information. Typically, phase difference may be 
changed by an amount in degrees, Whereas poWer ratio may 
be changed by an amount in decibels. The change in transmit 
diversity parameter may be relative to a transmit diversity 
parameter in a previous poWer control group or slot, or rela 
tive to transmit diversity parameter in multiple poWer control 
groups or slots as described in US Patent Publication No. 
2006/0270359, entitled “Determining a phase adjustment in 
accordance With poWer trends” and published Nov. 30, 2006. 

In an embodiment of the present invention, feedback com 
munication device 120 may transmit to modifying commu 
nication device 110 a poWer control signal, for example, one 
or more poWer control bits, or any type or group of poWer 
control signals may be used. A poWer control signal may 
indicate to the modifying communication device 110 that it 
should raise or loWer its total poWer. For example, based on 
the parameter being modulated, a “quality up” outcome value 
may instruct modifying communication device 110 to 
increase the total poWer of its transmitted signal, and a “qual 
ity doWn” outcome value may instruct modifying communi 
cation device 110 to decrease the total poWer. An outcome 
value may comprise, for example, a poWer control bit of a 
CDMA poWer control signal, for Which “0” represents a 
command to increase poWer and a “1” represents a command 
to decrease poWer. Thus, for example, a bit value of “l” 
requesting a decrease in poWer may indicate “quality up,” and 
a bit value of “0” requesting an increase in poWer may indi 
cate “quality doWn.” Some CDMA or W-CDMA protocols 
may alloW for additional outcomes, for example, no change in 
poWer. 

FIG. 1B shoWs a simpli?ed diagram of a tWo-antenna 
embodiment of a transmit diversity communication device 
150 according to embodiments of the invention, Which may 
be used as modifying device 110 in FIG. 1A. In the device 
shoWn, antennas 155 and 160 may transmit simultaneously, 
With the signal transmitted from one antenna port being a 
complex Weighted version of the signal transmitted from the 
other antenna port. In operation, the Reverse Link RF signal 
is applied by mobile device processor 165 to tWo transmitting 
chains. In the primary chain, the transmit signal is passed 
throughband pass ?lter 170, poWer ampli?er 171, and option 
ally another band pass ?lter 172, then through duplexer 175 
and transmitted on antenna 155. Received signals may be sent 
on the primary receive chain by duplexer 175 and then to band 
pass ?lter 176 and loW noise ampli?er 177. It Will be recog 
niZed that primary chain may include additional elements. 
The secondary chain may be similar to the primary chain, and 
further include vector modulator 180 to adjust the vector, e. g., 
phase and/or amplitude, of the secondary transmission With 
respect to the primary transmission. Secondary transmit 
chain may further include band pass ?lter 181, poWer ampli 
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?er 182, and optionally another band pass ?lter 183, then 
transmitted on antenna 160. Signal quality feedback from the 
base station may be used to steer the vector modulator, e. g., 
phase and/or amplitude, using a vector modulation (VM) 
control signal to vector modulator 180. 

FIG. 2 is a How diagram of a method (200) that may be 
performed at a feedback communication device or a base 
station in accordance With the present invention. A radio 
frequency (RF) signal may be received (210). In some 
embodiments of the invention, the received RF signal may 
optionally include a poWer modi?cation signal other than or 
in addition to a poWer control bit as knoWn in the art. As 

explained beloW, a poWer modi?cation signal may expressly 
indicate Whether the poWer of the RF signal Was transmitted 
based on a poWer up or poWer doWn feedback, e. g., an aggre 

gate poWer control signal. 
A signal quality indicator may be determined. The signal 

quality indicator may be any of a number of parameters. In the 
beloW description, the received RF signal poWer is used as a 
parameter for the received signal quality indicator, hoWever, 
it Will be recogniZed that other received signal quality indi 
cators may be used in some embodiments of the invention. In 
the embodiment of the invention depicted, the RF signal 
poWer may be determined (220). The expected signal poWer 
may then be calculated (230). In embodiments of the inven 
tion in Which the received signal includes a poWer modi?ca 
tion signal, the calculation may involve calculating What 
Would be the expected poWer assuming the transmitter acted 
upon the indicated poWer modi?cation signal. For example, if 
poWer modi?cation signal “1” represents poWer doWn and 
poWer modi?cation signal “0” represents poWer up, then the 
expected signal poWer may be calculated, for example, by 
incrementing or decrementing the signal poWer received in a 
previous RF signal poWer measurement. 

It Will be recogniZed that the diversity control signal pro 
viding feedback to the transmit diversity transmitter may be 
any suitable signal, including a signal having more than one 
bit. For example, additional bits may carry more detailed 
feedback information, for example, gradations or ranges or 
information, or instructions to the mobile transmitter, e.g., 
regarding adjusting perturbations, step siZe, and possibly 
instruction to the transmitter not to change any diversity 
parameter. 

In embodiments of the invention in Which the signal 
received at a base station does not include an express poWer 
modi?cation signal, available information may be used to 
infer What poWer control signal the transmitter acted upon. 
Any inference algorithm may be suitable; hoWever, several 
examples are provided herein. In one algorithm, the feedback 
unit may assume that the transmitter responded to a recently 
transmitted poWer control signal, for example, the most 
recently transmitted poWer control signal. In another algo 
rithm, the feedback unit may assume that if the received 
poWer signal increased, for example, by more than a threshold 
amount, then the transmitter acted upon a feedback indication 
to increase poWer, and if the received poWer signal decreased, 
for example, by more than a threshold amount, then the trans 
mitter acted upon a feedback indication to decrease poWer. 
Other algorithms are possible, for example, an algorithm may 
assume that the transmitter responded to a command to 
decrease poWer if the most recent poWer control signal indi 
cated to decrease poWer, and the transmitter responded to a 
command to increase poWer if the most recent poWer control 
signal indicated to increase poWer and the received poWer 
increased since the previously received signal. In some such 
algorithms according to the present invention, there may be 
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10 
no decisive expected signal poWer in some instances, for 
example, When the change in received poWer is inconsequen 
tial. 
The folloWing are embodiments of the invention for esti 

mating the expected received poWer if path loss does not 
change. In such embodiments, the base station may use the 
poWer of previous receptions, for example the received pilot 
poWer, as reference and compute neW expected receive level 
changes by estimating increase or decrease of mobile trans 
mit poWer, Which should be the same as on the receive side (in 

dB). 
In one embodiment of the invention, the base station may 

simply assume that the mobile station is not in a hand-off 
situation, and therefore, the base station may knoW that it is 
the only base station controlling the mobile poWer. 

In another embodiment of the invention, the base station 
may knoW hoW the mobile station responds to poWer control 
commands. The base station may have this information, for 
example, based on the mobile station reporting its poWer 
control decision to the base station, as described above. In 
another embodiment, the base station may receive the esti 
mated poWer control decision of the mobile from a central 
controller, to Which the various base stations report their 
poWer control commands. In yet another embodiment, the 
base station may determine the poWer control decision, Which 
the mobile station Was supposed to make after receiving all 
poWer controls sent to the mobile station from all base sta 
tions controlling the mobile station. This information may be 
received directly from the other base stations through the 
carrier infrastructure, or from a central controller, e.g. BSC or 
RNC, to Which the base stations report the poWer control 
commands they send. 

In yet another embodiment of the invention, the base sta 
tion may consider only responses of the mobile station to 
poWer doWn commands and ignores the actions of a mobile 
station after the base station transmits poWer up commands. 
Since any base station requesting poWer to be reduced forces 
the mobile station to reduce poWer, this embodiment may be 
certain to avoid considering actions of a mobile station based 
on a poWer up command transmitted by another base station, 
and still alloW the base station to process approximately 50% 
ofthe signals. 

In another embodiment of the invention, the base station 
may knoW When it commanded poWer to go doWn, and there 
fore, When it commanded poWer to go up, it may check 
reception and determine a mo st likely response, With a thresh 
old set as a ?xed threshold or based on statistics for the 
netWork. For example, if the mobile station received trans 
mission poWer either goes up or doWn by 1 dB, the threshold 
may be set at 0 dB (?xed) or, if netWork statistics are that the 
mobile Will respond to the base station poWer up control in 
70% of the cases, then the threshold may be set beloW 0, eg 
—0.3 dB. 

Thus, the base station may receive and process the pilot 
channel of the signal transmitted by the mobile station. 
Within this processing the base station may subtract the 
uplink poWer control it sent to the mobile station, Which Was 
activated during this transmission, e.g., if the base station sent 
a poWer control signal instructing the mobile station to 
increase transmit poWer by 1 dB, then the base station may 
assume that the transmit poWer Was increased by 1 dB, and 
therefore, the base station may subtract 1 dB from the poWer 
measured to bring the analysis to the same level as the previ 
ous received poWer. This process may be extended in a similar 
manner so that When multiple received slots are analyZed 
together, they are all brought to a common mobile terminal 
transmit level. 
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It Will be noted that since there are path loss ?uctuations 
faster than 1 slot, embodiments of the invention may not be 
completely insensitive to the effect of fading. However, trans 
mit diversity parameters may typically be modi?ed in small 
relative steps for each slot or poWer control group. Therefore, 
the base station may improve performance by processing 
multiple slots. 

The base station may then determine the relative quality of 
this last reception With respect to the previous ones. The 
metrics used for this analysis may be the same or similar to 
those used to determine uplink poWer control, e.g., ratio of 
Energy per Bit to the Spectral Noise Density (Eb/No), Which 
may typically be used as a measure of signal to noise ratio for 
a digital communication system, or any other relevant mea 
sure, for example, the pilot poWer during the slot, the norm of 
the difference betWeen the received pilot and the recon 
structed Waveform, etc. The relative quality may be hard 
coded, e.g., de?ned as “better” or “Worse” than the previous 
received signal, or soft-coded, providing it With a multi-level 
grade compared to the previous received signal or signals. 

There may be a number of different techniques of analyZ 
ing a received signal to determine the effect of the mobile 
applied diversity control, all Within the scope of the present 
invention. The nominal expected poWer on the customary 
logarithmic scale, not including changes due to poWer con 
trol, may be de?ned as 

P(norninal,noW):P(previous)+AP(change parameters) 

The base station may measure a receive poWer level. This may 
be the level of a constituent of the received signal, eg a pilot 
or reference signal, or the Whole signal in Which case it has to 
be brought to a common basis With a previous signal to alloW 
meaningful comparison. 

In one embodiment of the invention, the analysis may use 
a pilot or reference signal, in Which case, no additional com 
putation may be required in order to compare the difference 
betWeen the present and previous received poWer levels to the 
threshold de?ned by the poWer control. 

In another embodiment of the invention, the total poWer 
may be used, and both current and past signals may be com 
puted to a common basis. 

If there is no change in parameters controlling the structure 
of the signal, received poWer need not be compensated but is 
ready for comparison With the poWer control dependent 
threshold. 

If there is a change in parameters controlling the structure 
of the signal, for example, data rate or modulation, then the 
calculation of the expected poWer may take into account or 
compensate for these changes, for example by compensating 
for each component of the signal structure that may differ for 
its cumulative impact on the overall poWer. For example, each 
component may be computed per its linear poWer in milli 
Watts. Compensation in this context may refer to multiplying 
or dividing one component by the relevant ratio due to the 
change in parameters, determined by air interface standard or 
system control, etc. 

For example, in a transmission consisting of tWo channels, 
Where one is a reference and the other is a data-carrying 
channel 5 dB above it, if the setup parameters of a channel 
require that for a doubling of its data rate its poWer must go up 
by 4 dB, then the expected poWer of the received signal after 
doubling the poWer assuming no change in the reference Will 
be calculated according to the folloWing table: 
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Channel Previous signal Present signal 

Reference 1 1 
Data 1>< 104/1°=2.512 1>< 109/1°=7.943 
Total 3.512 or 5.455 dB 8.943 or 9.515 dB 

Therefore, 9.515—5.455:4.06 dB should be deducted from 
the present received poWer level in order to normaliZe it. This 
computation may be extended to any number of channels 
comprising the signal, as is Well knoWn to those versed in the 
art. 

Next, the method may compare the received signal poWer 
to the expected signal poWer (240). Thus, for example, if the 
received signal poWer Was less than expected, the transmit 
diversity control parameter may be set to “REVERSE” value 
(250A), Whereas if the received signal poWer Was greater than 
expected, the transmit diversity control parameter may be set 
to “CONTINUE” value (250B). Other values may be used for 
the transmit diversity control signal, for example, 
“INCREASE” and “DECREASE” and other values as may be 
evident to those of skill in the art. 

It Will be recogniZed that the comparison of an expected 
received signal poWer and an actual signal poWer may be 
performed in several Ways. For example, the expected 
received signal poWer may be a normalized parameter, in 
Which the effect of poWer control is eliminated. Thus, for 
example, if a poWer doWn command is issued by the base 
station, and keeping constant the transmitter’s signal struc 
ture, then the expected poWer may be the same as the previous 
received signal poWer, and the actual received signal poWer, 
When determined, may be offset by an expected poWer control 
increase, and this offset actual received signal strength may 
be compared to the expected received signal poWer. In some 
embodiments, the reverse may be the case. For example, if a 
poWer doWn command is issued by the base station, and 
keeping constant the transmitter’s signal structure, then the 
expected poWer may be the preceding received signal poWer 
decreased by an expected poWer control decrease, and this 
may then be compared against the actual received signal 
strength. It Will be recognized that these and other methods of 
comparing an expected and an actual signal quality are all 
Within the scope of the present invention. 

There may be a variety of techniques for determining hoW 
to change a value of a transmit diversity parameter, all of 
Which are Within the scope of the present invention. 

In one embodiment, as described above, the base station 
may determine only the direction, for example, “REVERSE” 
or “CONTINUE”. The base station may transmit this com 
mand, for example, as a single bit to the mobile station to 
indicate this decision. 

In another embodiment of the invention, the base station 
may estimate the actual change in diversity control parameter. 

Accordingly, in one example, using at least tWo measure 
ments, or preferably, more than tWo measurements, the base 
station may estimate the optimal phase difference relative to 
a previous phase difference and transmit this information to 
the mobile station. Since for any initial reference, all changes 
in phase difference may be knoWn, any previous phase dif 
ference may be used as reference, for example, that of the 
immediately preceding transmission. The number of mea 
surements may correspond to hoW the mobile changes its 
phase difference. Thus, if the mobile station perturbs the 
phase difference, for example, as described in US. patent 
application Ser. No. 1 1/5 92,969, tWo measurements or a mul 
tiple thereof, may be used. The number of measurements may 
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be increased for lower perturbation rates. For example, the 
estimation may use tWo poWer control group measurements 
for full rate perturbation, four poWer control group measure 
ments for half rate perturbation, and so on. Applying non 
perturbation algorithms, such as the one described in Us. 
patent application Ser. No. 11/ 136,020, may requires more 
measurements. 

In another embodiment of the invention, the number of 
measurements may be at least as large as for the phase differ 
ence only; hoWever, it may be larger. For example, the base 
station may measure receive signal every slot or every tWo 
slots if mobile changes its phase difference every tWo slots. 
One algorithm that may be used for the estimation is the 

selection of the best diversity control parameters among the 
last N measurements, for example, the best one out of the last 
four measurements. If the mobile station is applying pertur 
bation, it Will typically generate additional values since the 
selected one measurement Will be used as the nominal value, 
around Which perturbation Will be applied. 

Another algorithm that may be applied to the estimation is 
mini-max: the various diversity parameters and normaliZed 
received poWer points, normalized to take into account 
changes due to poWer control, may be estimated to be points 
on a characteristic curve of received poWer plus uncorrelated 
noise against the diversity parameter, and the diversity param 
eter value corresponding to the point of maximum received 
poWer may be computed. 

Thus, a base station may provide the diversity control 
signal, for example, a phase control bit, in addition to the 
poWer control bit. The diversity control signal may have a 
variety of forms in accordance With the present invention. For 
example, the diversity control signal may be a one-bit infor 
mation signal, e. g., up/doWn or better/Worse than the previous 
slot. In an embodiment of the invention, the information bit 
can be Code Division Multiplexed (CDM) With the current 
uplink poWer control bit in the doWn link MAC channel and 
sent to the mobile. In another embodiment of the invention, 
one bit may be taken from the data channel to carry this 
information bit. For example, in EVDO netWork, the diversity 
control signal may be coded into the data channel by replac 
ing the last bit of the data before the MAC channel With the 
neW information bit. The (bit) error rate may or may not be 
increased. 
As described above, in some embodiments of the inven 

tion, the base station may send a single bit “REVERSE” or 
“CONTINUE”. In another embodiment of the invention, the 
base station may send multiple bits, providing complex con 
trol per look-up table. The look-up table may be ?xed or may 
be transmitted to the mobile as presently in use for other 
parameters. In yet another embodiment of the invention, the 
base station may send multiple bits over several slots. This 
embodiment may alloW trading bandWidth for time, With a 
sloWer multi-valued modi?cation rate of the diversity con 
trols transmitted using a small number, e.g., one, of bits per 
slot. 
The method may also, in accordance With CDMA protocol, 

measure the signal quality (260) and calculate the poWer 
control signal (270) accordingly, for example, by setting a 
poWer control bit to “1” for poWer doWn and “0” for poWer up. 
This calculation may be made before, during or after the 
diversity control signal calculation. 

Finally, the method may transmit the transmit diversity 
control signal value and the poWer control signal calculated 
(280). The transmit diversity control signal may be a single 
bit, or it may be multiple bits. Thus, for example, the single bit 
control signal may correspond to the above hard-coded indi 
cation, Whereas a multiple bit control signal may correspond 
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14 
to the above soft-coded indication. A single bit may be trans 
mitted in each slot, or in one slot every several slots, or spread 
over multiple slots. Multiple bits may be transmitted Within 
each slot, or in one slot every several slots, or spread over 
multiple slots. 

Transmission of the transmit diversity control signal may 
be implemented in the doWnlink channel in a number of Ways, 
all included Within the scope of the present invention. For 
example, a neW dedicated channel may be added for this 
purpose. Alternately, the poWer control information on the 
channel may be expanded by increasing its rate, With corre 
sponding increase in its poWer, Which may be achieved by 
time multiplexing uplink poWer control and transmit diversity 
feedback over this modi?ed higher rate channel, or coding 
them together, or any other combination. 
The method may be repeated for signals received that 

include a poWer modi?cation signal (290). 
In the above embodiment of the invention, the base station 

may compute the phase control direction required for the 
mobile unit, and command the mobile unit. Thus, in a one-bit 
embodiment of this scheme, the base station may command a 
phase change in the positive or negative direction, or in a 
forWard (i.e., same as previous) or reverse (i.e., opposite of 
previous) direction. With more than one bit, the feedback 
communication to the mobile unit may command adjustment 
of the mobile phase in smaller increments and may also alloW 
for a “no change” feedback option. 

It Will be recogniZed that in another embodiment of the 
invention, the base station may report the residual poWer 
measurement in one or more bits to the mobile unit, based 
upon Which the mobile unit may determine the modi?cation 
on its oWn. In some instances of such an embodiment of the 

invention, the increased resolution afforded by more bits may 
permit elimination of the return link communication from the 
mobile unit to the base station insofar as the mobile unit could 
“subtract” the 1 dB poWer control induced change (it already 
knoWs What poWer change it made) and determine the 
residual poWer itself. One advantage of this approach may be 
that the mobile unit may alter its ?ltering and algorithm 
depending on its knoWledge of its environment, for example, 
motion of the mobile unit, Which may be knoWn to the mobile 
but not necessarily to the base station. 

In the above discussion, it Was assumed that the base sta 
tion codes its transmit diversity feedback or control signal in 
a manner similar to the coding of uplink poWer control, e. g., 
a “better” feedback may mean that the last transmit diversity 
parameters Were better than the previous ones, and “Worse” 
may mean that the last transmit diversity parameters Were 
Worse than the previous ones. HoWever, other implementa 
tions of the present invention are possible. The beloW tWo 
embodiments may alloW for someWhat different coding, 
Which can then be expanded to many other schemes, all 
Within the scope of the present invention. 
One embodiment may provide the de?nition of the feed 

back as “up” or “doWn.” The base station does not need to 
agree With the mobile terminal a priori What is up and What is 
doWn, since the reversal of the feedback Will be interpreted by 
the mobile terminal as a reversal in direction. In this embodi 
ment of the invention, When the feedback signal changes 
direction, e.g., up after doWn, or doWn after up, the step in 
transmit diversity parameters may be small. When the feed 
back indication is the same, the longer is the sequence of the 
same feedback, and accordingly, a larger step in the same 
direction may be implemented. Thus, a second “up” may 
cause a step in the same direction as the ?rst “up” but larger, 
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and the third consecutive “up” may produce an even larger 
step, and so on. The same logic may apply to a sequence of 
“doWn” steps. 

Another embodiment may provide for an accelerated 
response, using the logic similar to the transition from delta 
modulation (Which corresponds to the simple feedback) to 
continuously variable slope delta modulation (accelerated 
response). 

It Will be recogniZed that both base station and mobile 
station transmit continuously in response to each other. Thus, 
there may be propagation delays of signals from one commu 
nication device to the other communication device. The base 
station may take into consideration any system delays to 
ensure that the correct prior uplink poWer control may be 
associated With the received signals being analyZed. A similar 
argument may apply to the mobile station to ensure that it also 
uses the correct information. Also, depending on the signal 
structure, the mobile station may not be able to adjust its 
poWer in the slot immediately folloWing the slot When the 
base station measures receive signal, i.e. base station sends 
out poWer control command next slot. The base station may 
therefore consider the signal structure When determining 
Which transmission of the mobile station to relate to. 

In case the mobile terminal is in communication With mul 
tiple base stations (hand-off or hand-over), the proposed 
scheme may automatically converge to the best transmit 
diversity parameters. When the transmit diversity parameters 
are modi?ed to improve reception in the base station receiv 
ing the strongest signal, this change may either improve or 
degrade reception in other base stations. Those receiving 
improved reception may bene?t automatically, Whereas those 
receiving Weaker signals may become even Weaker relative to 
the main serving base station. Therefore, the latter need not be 
taken into consideration for transmit diversity optimization, 
and eventually may be released from maintaining the com 
munication With the speci?c mobile terminal. 

FIG. 3 is a How diagram of a method (300) that may be 
performed at a modifying communication device or a mobile 
station in accordance With some embodiments of the present 
invention. It Will be understood that not every embodiment of 
the present invention may use the uplink from the transmitter 
to the receiver to send a poWer modi?cation signal. HoWever, 
in such embodiments, a signal that includes a transmit diver 
sity control signal and a poWer control signal may be received 
(310). It Will be recogniZed that the transmit diversity control 
signal and the poWer control signal need not be received in the 
same communication, but may be received in separate com 
munications. 

Next, the transmit diversity parameter, for example, phase 
difference, may be calculated based on the transmit diversity 
control signal (320). For example, Where the transmit diver 
sity control signal has a “REVERSE” value, the method may 
calculate the transmit diversity parameter as an increment in 
the direction opposite to the previous increment, and Where 
the transmit diversity control signal has a “CONTINUE” 
value, the method may calculate the transmit diversity param 
eter as an increment in the same direction as the previous 
increment. Other calculations of transmit diversity parameter 
may be possible Within the scope of the present invention. 

There may be a variety of methods for applying the trans 
mit diversity control parameter based on the diversity control 
signal received from the base station. In one embodiment of 
the invention, the mobile station may apply the base station 
diversity control relative to its last used parameters, pipelin 
ing the controls. The process may have a delay of n in a cycle 
including (i) activation of transmit diversity parameters by the 
mobile station; (ii) receiving of the signal by the base station 
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and analysis; (iii) transmission of base station control to 
mobile; and (iv) receiving of the control by the mobile, pro 
cessing and activation on the appropriate timing. The value of 
n may be 1, 2, etc . According to this embodiment, at time T the 
mobile station may use the base station control, Which may be 
provided in response to the mobile activation at time equal to 
T-n, to modify its parameters activated at time T-l. 

In another embodiment of the invention, the mobile station 
may apply the base station diversity control relative to the 
parameters that the base station used to determine the con 
trols. This means that the modi?cation at time T Will be 
applied to the parameters activated at (T-n), at (T+l) the 
activated diversity parameters Will correspond to a modi?ca 
tion of the parameters at (T—n+l), etc. 

In yet another embodiment of the invention, the mobile 
station may apply the base station diversity controls only at 
certain times. The mobile station may therefore receive mul 
tiple controls and may make a single modi?cation after tWo or 
more controls from the base station, Where the logic and 
timing of the modi?cation are known to the mobile and base 
stations. 
The transmit poWer may be calculated based on the poWer 

control signal, as is knoWn, for example, based on the CDMA 
standard or any other standard (330). The poWer may be 
incremented or decremented, for example, by prede?ned 
steps. It Will be recogniZed that the poWer control calculation 
may be made before, during or after the transmit diversity 
control calculation (320). 

Thus, according to embodiments of the present invention, 
upon receiving the base station feedback, for example, the 
transmit diversity control signal and the poWer control signal, 
the mobile station may take one of a number of actions. 

In one embodiment of the invention, the mobile station 
may determine from the feedback Whether the modi?cation 
of its transmit diversity parameters, as perceived by the base 
station, Was positive or favorable, in Which case the mobile 
station may perform an additional modi?cation of a transmit 
diversity parameter value in the same direction, or negative or 
unfavorable, in Which case the mobile station may modify the 
transmit diversity parameter value in the reverse direction. To 
clarify the concept of direction, the transmit diversity param 
eter may be regarded as a complex vector, and the direction 
may be provided by the difference betWeen the transmitted 
vector and the previously transmitted vector. 

In another embodiment of the invention, the mobile station 
may ?rst determine Whether its previously transmitted poWer, 
to Which the base station is providing transmit diversity feed 
back, corresponds to the uplink poWer control provided by 
this base station, as may typically be the case for the serving 
base station. HoWever, When one base station requests poWer 
up and another base station requests the transmit poWer to be 
decreased, the air interface standard may require the mobile 
terminal to decrease the poWer. In this case, the mobile ter 
minal may take into account that the base station based its 
feedback on poWer that is typically off by tWice the uplink 
poWer control step. If the feedback still holds under this 
assumption, then it may be used. Otherwise it may be disre 
garded. 

It Will be understood that the actual logic used by the 
mobile terminal to control its transmit diversity parameters 
Will depend on the speci?c algorithm in use for this purpose. 
The algorithm may determine not to modify the transmit 
diversity parameters even When a single feedback indicates a 
better or Worse reception, based on other feedback indica 
tions. 

Finally, the signal may be transmitted using the calculated 
transmit poWer and the transmit diversity parameter, Where 
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the signal includes the power modi?cation signal (340). The 
power modi?cation signal may provide the result of the trans 
mit power calculation in step 330, for example, may have 
value “1” for power down and “0” for power down. The 
method may repeat for transmit diversity control and power 
control signals received (350). 

In some embodiments of the invention, the mobile station 
may change a transmit diversity parameter, for example, 
phase difference between antennas, in a predetermined pat 
tern, which may be known to the base station, in which case, 
the mobile station need not expressly notify the base station of 
the modi?cation. The base station may analyZe reception for 
each diversity control parameter, taking into account the 
mobile station change in power according to the power con 
trol and transmit parameters, e. g. speci?c channel activity and 
data rate. The base station may determine the required diver 
sity control and send it as feedback to the mobile. 

Steps of a method in accordance with this embodiment of 
the present invention, e.g., using the predetermined transmit 
diversity variation pattern, may include: setting up the diver 
sity control pattern; determining nominal expected receive 
power per mobile transmit power; analyZing the received 
signal to determine the effect of the mobile applied diversity 
control; determining diversity control change; send the trans 
mit diversity control signal to the mobile station; and apply 
ing the diversity control signal at the mobile station per base 
station command. 

Described below are embodiments of the present invention 
based on a transmit diversity control pattern that may be 
known in form and timing to the base station. The pattern may 
be pre-determined or set up with other call or session param 
eters. Synchronization may be achieved by synchronizing the 
pattern to other known timing, e.g. frame timing, or synchro 
niZing it to the diversity controls provided by the base station. 

In one embodiment of the invention, the pattern may be full 
rate perturbation. The mobile station may offset a phase dif 
ference alternately up and down relative to the nominal phase 
difference controlled by the base station diversity control 
command. 

In a second embodiment of the invention, the pattern may 
be fractional rate perturbation. The mobile station may offset 
phase difference, maintaining each offset for one or more 
slots, so that the average perturbation rate corresponds to the 
fraction de?ning the perturbation algorithm. Thus, in a half 
rate perturbation, the mobile station will maintain each offset 
for 2 slots; in two-?fths-rate perturbation, the mobile will 
maintain half the offsets for 2 slots and half for 3 slots, etc. 

In a third embodiment of the invention, the pattern may be 
?xed pattern perturbation. The mobile station may offset the 
diversity control parameters, phase or amplitude or both, 
according to a ?xed pattern known to both mobile and base 
station. 

In a fourth embodiment of the invention, the pattern may be 
pseudo-random perturbation. The mobile station may offset 
the diversity control parameter according to a pseudo random 
sequence of values within the required range. The pseudo 
random sequence may be controlled by some parameter avail 
able to both mobile and base stations, such as the frame 
sequence number in W-CDMA or the start of frame time in 
CDMA2000. 

In an embodiment of the present invention, in order to 
allow each base station to provide the correct feedback, the 
mobile terminal may indicate over the air how it actually 
changed its transmit pilot power. In this case, every base 
station will know how the power of the last received signal is 
related to the power of the preceding received signals, thus 
correctly compensating the power of each received signal 
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being analyZed. The mobile terminal may include the infor 
mation about the changes to its transmit power over an exist 
ing or a new control channel. 

It will be recogniZed that various formats are possible for 
the power modi?cation signal, for example, the information 
may be transmitted as the difference between transmitted 
power in adjacent slots. For a network in which open loop 
power control is included in the uplink transmission (e.g., 
CDMA network), this difference between transmit power in 
adjacent slots may be presented, for example, by transmitting 
3 data bits to the base station. One bit may include the sign bit, 
e.g., up or down. Two other bits may represent four power 
magnitude ranges, e.g., 0 to 0.5 dB; 0.5 dB to 1.0 dB; 1.0 dB 
to 1.5 dB; and 1.5 dB to 2.0 dB. For a network in which the 
open loop power control is not included in the tra?ic channel, 
the difference in transmit power may simply be represented 
by a single bit, e.g., “0” for Power Up and “l” for Power 
Down. A variety of options are available for transmitting 
information in accordance with the present invention, for 
example, the information may be Time Division Multiplexed 
(TDM) with the uplink pilot. 
As described above, the base station may measure the 

signals arriving at its antenna ports. It may subtract the effect 
of the difference in mobile transmitted power caused by the 
PCB that this base station sent. If it is the main serving base 
station for the mobile station, this correction may be accurate 
most of the time since this base station is expected to receive 
the stronger signal, therefore (1) when this base station 
requests the uplink power to increase, most probably other 
base stations receiving weaker signals will also be requesting 
the power to increase, therefore the estimation of change in 
transmitted mobile terminal power is correct; (2) when this 
base station requests the uplink power to decrease, the trans 
mit power decreases therefore the estimation of change in 
transmitted mobile terminal power is correct. Therefore, the 
base station may be able to associate the different quality of 
reception with the phase differences (and, in general, the 
complex weights) used to transmit the signals, and calculate 
what was the most likely effect of the phase change. This 
operation is depicted in the following diagrams of FIGS. 4A, 
4B and 4C, which shows a time sequence of power control 
and phase changes. 

FIG. 4A shows a time sequence of power control and phase 
changes. Transmitted power by the mobile changes with the 
commands (PCBs) received. The power changes are deter 
mined by the value of the PCB received in the previous slot. 
For example, the change from P1 to P2 in Slot 3 is determined 
by the PCB2 value sent in Slot 2. For this ?gure, the phases 
appear to be random because their values are based on history 
of PCBs prior to Slot 1. 

FIG. 4B shows the situation of FIG. 4A with the relative 
transmitted power shown as a dashed line and the signal level 
received at the base station shown as a solid line. Although the 
transmitted level changed 1 dB at the mobile, transmission 
path effects (fading and phase changes) made the signal level 
at the base station change by different amounts. Since the base 
station is generally aware of the direction of the PCB, it can 
“subtract” out this part of the received signal change and 
report the direction the signal took because of fading and 
phase only. This is shown in FIG. 4C. The Phase Control Bit 
identi?es the direction of the change of the residual power 
(measured power minus the 1 dB from the PCB), and its value 
is never “no difference.” It may be assumed that the measured 
power may always be slightly different from slot to slot so a 
“no change” value is not necessary. However, it may be more 
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useful if more than one bit Were assigned to the Phase Control 
signal to quantify amplitude and direction of the measured 
poWer. 
An implementation of embodiments of the present inven 

tion may include measurement and computation in the base 
station to measure, calculate, and report on a slot-by-slot 
basis the poWer received at its antenna. Further, means to 
report the results in the doWnlink in the form of quality 
indicator bit(s) may be included. In one embodiment of the 
invention, this may be performed soon enough that the results 
may be sent in the same timeslot With no latency. Embodi 
ments of the invention may decode the quality indicator sig 
nal by the baseband in the mobile and reporting to the phase 
control algorithm. 

It Will be recogniZed that although the above description 
refers to embodiments of the invention applied for uplink 
transmit diversity control, the principles of the invention may 
apply to the doWnlink, for example, by reversing the roles of 
the mobile terminal and the base station. 

It Will be recogniZed that a base station in accordance With 
the present invention may distinguish betWeen mobile trans 
mitters utiliZing an embodiment of the present invention from 
those that are not. For example, a base station may then create 
and respond to the feedback information from the transmitter 
if the connected mobile is a MTD mobile. In contrast, a 
conventional mobile transmitter may not receive the feedback 
information from the base station, nor create the feedback 
information on the uplink to the base station. 

It Will be understood that While embodiments of the present 
invention have been described as mobile and base stations, 
and uplink and doWnlink, the present invention may also be 
applied by reversing the roles of the mobile terminal and the 
base station, With necessary changes. 

Certain embodiments of the invention may include none, 
some, or all of the above technical advantages. One or more 
other technical advantages may be readily apparent to one 
skilled in the art from the ?gures, descriptions, and claims 
included herein. 

The previous description of the embodiments is provided 
to enable any person skilled in the art to make or use the 
invention. While the invention has been particularly shoWn 
and described With reference to embodiments thereof, it Will 
be understood by those skilled in the art that various changes 
in form and details may be made therein Without departing 
from the spirit and scope of the invention. For example, any 
mobile communication protocol may be used, for example, 
CDMA or other types of protocols. For example, the commu 
nication devices similar to those described above can be used 
With time-division multiple access (TDMA) or frequency 
division multiple access (FDMA) protocols. Such a TDMA 
protocol can include, for example, the Global Systems for 
Mobile Communications (GSM) protocol. 

Note that although the tuning of a communication device is 
described through the use of complex Weighting, in other 
embodiments other types of control signals can tune the com 
munication device. In other Words, the tuning of a communi 
cation device through the use of such control signals need not 
be limited to information about varying the magnitude and 
phase of the signal. For example, the control signals can carry 
information to vary the magnitude, phase, frequency and/or 
timing of the signal associated With each antenna element. 

While various embodiments of the invention have been 
described above, it should be understood that they have been 
presented by Way of example only, and not limitation. Thus, 
the breadth and scope of the invention should not be limited 
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by any of the above-described embodiments, but should be 
de?ned only in accordance With the folloWing claims and 
their equivalents. 
What is claimed is: 
1. A method comprising: 
receiving a ?rst transmission signal from a mobile com 

munication device, said ?rst transmission signal trans 
mitted simultaneously using at least tWo antennas, 
Wherein signals transmitted on ?rst and second antennas 
differ by a ?rst value of a transmit diversity parameter; 

transmitting to said mobile communication device a ?rst 
feedback indicator based on a signal quality indicator of 
the received ?rst transmission signal; 

calculating an expected signal quality indicator based at 
least on said signal quality indicator of the received ?rst 
transmission signal and on said ?rst feedback indicator 
transmitted to the mobile communication device; 

receiving a second transmission signal from the mobile 
communication device, said second transmission signal 
transmitted simultaneously using at least tWo antennas, 
Wherein signals transmitted on ?rst and second antennas 
differ by a second value of a transmit diversity param 
eter; 

transmitting to said mobile communication device a sec 
ond feedback indicator based on a comparison of said 
expected signal quality indicator and a signal quality 
indicator of the received second transmission signal. 

2. The method of claim 1, Wherein the transmit diversity 
parameter is a phase difference betWeen signals transmitted 
on said ?rst and second antennas. 

3. The method of claim 1, Wherein the transmit diversity 
parameter is a poWer ratio between signals transmitted on said 
?rst and second antennas. 

4. The method of claim 1, further comprising at the mobile 
communication device: 

receiving said second feedback indicator; and 
transmitting a third transmission signal, said third trans 

mission signal transmitted simultaneously using at least 
tWo antennas of the mobile communication device, 
Wherein signals transmitted on ?rst and second antennas 
differ by a third value of a transmit diversity parameter, 
said third value based at least on the second feedback 
indicator. 

5. The method of claim 1, Wherein calculating said 
expected signal quality indicator comprises: 

modifying said signal quality indicator of the received 
second transmission signal by an expected signal quality 
difference corresponding to said transmitted ?rst feed 
back indicator. 

6. The method of claim 5, Wherein said ?rst feedback 
indicator is a poWer control signal, and Wherein modifying 
said signal quality indicator of the received second transmis 
sion signal by an expected signal quality difference corre 
sponding to said transmitted ?rst feedback indicator com 
prises: 

if the ?rst feedback indicator is a poWer doWn poWer con 
trol signal, then incrementing said signal quality indica 
tor by an expected poWer decrease. 

7. The method of claim 6, Wherein modifying said signal 
quality indicator of the received second transmission signal 
by an expected signal quality difference corresponding to said 
transmitted ?rst feedback indicator further comprises: 

if the ?rst feedback indicator is a poWer up poWer control 
signal, then decrementing said signal quality indicator 
by an expected poWer increase. 

8. The method of claim 1, Wherein calculating said 
expected signal quality indicator comprises: 
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modifying said signal quality indicator of the received ?rst 
transmission signal by an expected signal quality differ 
ence corresponding to said transmitted ?rst feedback 
indicator. 

9. The method of claim 8, Wherein said ?rst feedback 
indicator is a poWer control signal, and Wherein modifying 
said signal quality indicator of the received ?rst transmission 
signal by an expected signal quality difference corresponding 
to said transmitted ?rst feedback indicator comprises: 

if the ?rst feedback indicator is a poWer doWn poWer con 
trol signal, then incrementing said signal quality indica 
tor by an expected poWer decrease. 

10. The method of claim 9, Wherein modifying said signal 
quality indicator of the received ?rst transmission signal by 
an expected signal quality difference corresponding to said 
transmitted ?rst feedback indicator further comprises: 

if the ?rst feedback indicator is a poWer up poWer control 
signal, then decrementing said signal quality indicator 
by an expected poWer increase. 

11. The method of claim 1, Wherein the said second feed 
back indicator comprises at least a transmit diversity control 
signal. 

12. The method of claim 11, Wherein said transmit diver 
sity control signal has a value selected from the set consisting 
of: a reverse value and a continue value. 

13. The method of claim 11, Wherein transmitting to said 
mobile communication device the second feedback indicator 
comprises: 

if said signal quality indicator of the received second trans 
mission is greater than the expected signal quality indi 
cator, then transmitting the second feedback indicator so 
as to indicate to the mobile communication device to 
modify a transmit diversity parameter in a same direc 
tion as a preceding transmit diversity parameter modi? 
cation. 

14. The method of claim 11, Wherein transmitting to said 
mobile communication device the second feedback indicator 
comprises: 

if said signal quality indicator of the received second trans 
mission is less than the expected signal quality indicator, 
then transmitting the second feedback indicator so as to 
indicate to the mobile communication device to modify 
a transmit diversity parameter in an opposite direction as 
a preceding transmit diversity parameter modi?cation. 

15. The method of claim 1, Wherein calculating said 
expected signal quality indicator comprises calculating said 
expected signal quality indicator based at least on a change in 
signal structure of the second transmission signal relative to 
the ?rst transmission signal. 

16. A communication apparatus comprising: 
a receiver to receive a ?rst transmission signal from a 

mobile communication device, said ?rst transmission 
signal transmitted simultaneously using at least tWo 
antennas, Wherein signals transmitted on ?rst and sec 
ond antennas differ by a ?rst value of a transmit diversity 
parameter; 

a processor to calculate a ?rst feedback indicator based on 
a signal quality indicator of the received ?rst transmis 
sion signal; 

a transmitter to transmit said signal quality indicator to the 
mobile communication device, and 

Wherein said processor is further to calculate an expected 
signal quality indicator based at least on said signal 
quality indicator of the received ?rst transmission signal 
and on said ?rst feedback indicator transmitted to the 
mobile communication device, 
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Wherein said receiver is further to receive a second trans 

mission signal from the mobile communication device, 
said second transmission signal transmitted simulta 
neously using at least tWo antennas, Wherein signals 
transmitted on ?rst and second antennas differ by a 
second value of a transmit diversity parameter, 

Wherein said processor is further to calculate a second 
feedback indicator based on a comparison of said 
expected signal quality indicator and a signal quality 
indicator of the received second transmission signal, and 

Wherein said transmitter is to transmit to said mobile com 
munication device said second feedback indicator. 

17. The apparatus of claim 16, Wherein the transmit diver 
sity parameter is a phase difference betWeen signals transmit 
ted on said ?rst and second antennas. 

18. The apparatus of claim 16, Wherein the transmit diver 
sity parameter is a poWer ratio betWeen signals transmitted on 
said ?rst and second antennas. 

19. The apparatus of claim 16, Wherein said processor is to 
calculate said expected signal quality indicator by modifying 
said signal quality indicator of the received second transmis 
sion signal by an expected signal quality difference corre 
sponding to said transmitted ?rst feedback indicator. 

20. The apparatus of claim 19, Wherein said ?rst feedback 
indicator is a poWer control signal, and Wherein said proces 
sor is to modify said signal quality indicator of the received 
second transmission signal by an expected signal quality 
difference corresponding to said transmitted ?rst feedback 
indicator by incrementing said signal quality indicator of the 
received second transmission signal by an expected poWer 
decrease if the ?rst feedback indicator is a poWer doWn poWer 
control signal. 

21. The apparatus of claim 20, Wherein said processor is 
further to modify said signal quality indicator of the received 
second transmission signal by an expected signal quality 
difference corresponding to said transmitted ?rst feedback 
indicator by decrementing said signal quality indicator by an 
expected poWer increase if the ?rst feedback indicator is a 
poWer up poWer control signal. 

22. The apparatus of claim 19, Wherein said processor is to 
calculate said expected signal quality indicator by calculating 
said expected signal quality indicator based at least on a 
change in signal structure of the second transmission signal 
relative to the ?rst transmission signal. 

23. The apparatus of claim 16, Wherein said processor is to 
calculate said expected signal quality indicator by modifying 
said signal quality indicator by an expected signal quality 
difference corresponding to said transmitted ?rst feedback 
indicator. 

24. The apparatus of claim 23, Wherein said ?rst feedback 
indicator is a poWer control signal, and Wherein said proces 
sor is to modify said signal quality indicator by an expected 
signal quality difference corresponding to said transmitted 
?rst feedback indicator by incrementing said signal quality 
indicator by an expected poWer decrease if the ?rst feedback 
indicator is a poWer doWn poWer control signal. 

25. The apparatus of claim 24, Wherein said processor is 
further to modify said signal quality indicator by an expected 
signal quality difference corresponding to said transmitted 
?rst feedback indicator by decrementing said signal quality 
indicator by an expected poWer increase if the ?rst feedback 
indicator is a poWer up poWer control signal. 

26. The apparatus of claim 16, Wherein the said second 
feedback indicator comprises at least a transmit diversity 
control signal. 
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27. The apparatus of claim 26, wherein said transmit diver 
sity control signal has a value selected from the set consisting 
of: a reverse value and a continue value. 

28. The apparatus of claim 26, Wherein said processor is to 
transmit to said mobile communication device the second 
feedback indicator by: 

transmitting the second feedback indicator so as to indicate 
to the mobile communication device to modify a trans 
mit diversity parameter in a same direction as a preced 
ing transmit diversity parameter modi?cation if said sig 
nal quality indicator of the received second transmission 
is greater than the expected signal quality indicator. 

29. The apparatus of claim 26, Wherein said processor is to 
transmit to said mobile communication device the second 
feedback indicator by: 

transmitting the second feedback indicator so as to indicate 
to the mobile communication device to modify a trans 
mit diversity parameter in an opposite direction as a 
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preceding transmit diversity parameter modi?cation if 
said signal quality indicator of the received second trans 
mission is less than the expected signal quality indicator. 

30. A system comprising: 
a base station comprising the apparatus of claim 16; and 
a mobile communication device having at least tWo anten 

nas comprising: 
a receiver to receive said second feedback indicator, 
a processor to determine a third value of a transmit 

diversity parameter, said third value based at least on 
the second feedback indicator, and 

a transmitter to transmit on said ?rst and second anten 
nas a third transmission signal, said third transmission 
signal transmitted simultaneously using the tWo 
antennas, Wherein signals transmitted on ?rst and sec 
ond antennas differ by the third value of the transmit 
diversity parameter. 

* * * * * 


